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Chapter 6. UNIERGROUND MINE WARPARE
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the crigimal document st the US Goologicel Survey./

tuwoen attack and dofense and stresses ths nocespity of ascurate information
of the sxea in which nuldexground mine werfare is conduoced.

[Tan next, section 1s entitled "Undergronnd Mine Warfare in Past and
Conteaporary Wers.” After msutioning a fov oxswples of mips warfare in the
165th and itk Cemturies, it treats the defenss of Sevastopol as the classic
example of andargromnd mine varfere./
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Srequent ¢rumbling in the walls and the ceiling, which geriocusly delayed work
aud in cextaln cases stoppod 1t altbgether, The cluys of the second lagew
beloy were soft end plastic and required comtimous bracing. The Rueslens
constructed a mmblr of countermines in this lover layer of ¢leys. This gave
assurance and raised ths spirite of the garrison, @ince uhtil then 1t feared
being blowvn up fyom below, .

During the entire sevensmoaths period of mind werfars, tho Rusgiefis, not
having any previcusly trephrod couptermizos, quastruwcted about 7,000 lioeer
metors of galleries and sleoves {rukav), expending 12,00C kilograms of powder
on 9% blasts, while the French constructed only 1,260 linser msters end éx-
pendsd 54,000 kilogreme of povder oh 136 blasta.

The poculist asturs of the Ruseisn mins operations Jay in thely offensive
taotics; the Russian countermines not ofly hinddved the progross of ths attack-
ors’ undorground opsratioms but ccnstently pushsd them deok,

The experience of S8evestopol in comneotion with underground mine warfers
vap not taksp into acoount Dy the command Of the Czarist army, as wes &ls-
cloped In World War I &nd even earlier at Poxt Arthur, where no countermine
systan vap propared beforshend, and whees it was not possidie to set one up
vhen way brokeout, betause of the dack of previously propared cadres epd tho
poor tecknioal equipment of the argy. The Czarist commend trisd to Justify
its inaotivity on ths ground that She Japarmdes wild not succsed in oon-
structing mife galleries in rooky ground, And only vhet a Japaneso gallery
vas vithin 30 meters of the foot of Part Fo 11, did the defendera begin to
ocnstrucs 2 mine gtllery,

The war with the Japanepe showed that underground mine operatians can
be conduttod mdt only It an area of fortafications but ¢1so 1a field posi-~
tions., It vae waped at the time of the famous "Shakhs deadlock" on the
Shakhe Rlver, from Hovember 1904 threugh Febwuery 1905, winre Russian
poaitions in mowe places wers anly N0 to 280 meters from the Japanese.

the sarly ph~ses of World War I both Russien anfl Germans made
lattle use of unfergiound mine warfare. But by the middie of 1915 a marked
change had teksn place in this respyot. The toxt docemribos the intemsive
Ireparations for undergronndi werfare and selects for extensive ireatment
tbe underground mine opersticns in the Messine-Vitohaate (tressliteration of
the Ruserien spelling) sector iu Frange

In the Firnish campaign aod co varicus fromds of World War II, the
Red Arry eleo founi it neoessary to uses unlsrgrousd miue Wwerfare.

. Oftem it was neckbssary to undertake underground dips operatichs in

order to cover up tie approach of troops to tho emeny's maid liwe of re-
cictence and to secure a jump-off positlcn for avtack sl hreekthroagh of
the fortified zons. Obw vay of approaching the emeny undsr cover is ty

means of "sapy.” v

"Sapy” — marrov, dscy ditches —- vers uded in earlior wars in the
sioge of fortresses snd s'yong puints, spproech to waigh w2u &pen to
tactical observation of the dsfenders and was covered by fire. "Sapy”
operaticns were widely ueed in thy Sovastcpol Campaign im 1893-1856, in the
Japenese ailege of Port Artimy in 1908-1905, snd in many sectors of the fremte
of *hs World War of LUAk-1918. Often "sapy” vere the only means permitting
an appreach to the ensuy's fortificaticns forr she purpose of destroying
then o possession of them, insofer as there wore no other msens of
Treaktirough artillery, tehks, aviation).

It vas often necessary t6 have reccurse to "sapy” veek aving the
Fimnish Caapaign of 1939-19%0 in %o Karelian fvthrms. “Begy™ fourd rather
wide use in various sectars of the frcnt in ths Great Patherland War.

-Qw
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fSepy” work can be carriod on ot a dsfinite distamco from the emwmy, ons 3
carmot. sucoessfully sdvance aloser to the smemy than 60-70 moters becsuse of
morter spd grenade fire. Only underground min® galleries permit e close
approach to the ensmy's poeition. Somotimes that opmrvech is vffected by
means of exploding a whole series of mins cherges (gormy) resulting in the
formation of craters vhich are cccupied by the sttasking infantry. In order

to oontime the miye atteck, nev mins galleriss are conetructed from the
bottem of the craters in she directiop of the enomy's positions.

Thess methods of work, oven whén ocnincied unler favereble geologiocsl
canditions and in the abeerce of Yrevisusly prepared enchy countormines,
canfor bo somsitersd as the moot desireble, sinoe they onenme s great deal
of isbor and tiwe, Hovevor, ib iy cades, in s Frs tion ol a bridge-
hoad end In the epproach to an sepecislly importans enezy vdjective, 1t 1a
rpesessary to have recourse to minmw work,

W

Thus, on the Bryansk fyont during World Wer II, oor foross were umable |
10 tak® & tactloslly very impoartans height for o long tie, 1n spite of .
intenss avrtillery preperaticn and eerisl hombing. The Germans beat off

mary attacks by oux troops, inflioting sericus losses ov us, and cnly after
the ¢omstruotion of three mine galleries mnd the ezplomimm of chsrgss was

the height teken withou! sxosansive losses.

In gnother case, in attacklng a carefully cemoufleged ememy pillbox = ... . .
““well allapted tg the terrein and situstpd neey cur Torward efgs, 1t wap im '

possiblu to use ertilletry or aviation becuuse of the danger of striking cur

owm f6rces. Approeches toward the pilibox vere oovered by imtense ensmy

fire. The aonly suitable moans of approaching and bloring the pillbex, thero-

fore, proved to be underground miming pperations. Mine galleries ccchined

with "sspy” and trenshes permitted approaching the epemy with impunity and
destroying the pllidox by exploding a poverful mins, AB a result of tho

explosion & crater 22 metera i diamoter and § metars deep wae farwed (See

diegrom and oross section of the approach to the pilibox in Figurew 30 and

).

In military cperatichs comducisd I large papulated cemters, mithe
gallerics are used chiefly far the purpose of breaking down ths fire system
on the odges of the towns, eince the aree hofare the éncny's furward edge
is usnally so vell coverad by fire that infantry often cemnot fallow the
tanks, The most striking example of suceesaful applicationm of undefground
nmine attacks in large citles is thev ¢f the Pight of our troope at Stalingrad.
Mine galleries, lying not very dsep, permitted the udormining and blowing
up within 3 or 4 days of verious buildings which had been twensformsd into
centers Of resistanoce.

During World War IT esps¢lelly vwids use uas mafle of the so-calied
"beneath-tho-surface” (podpoverihnestnyy), 1.e., shallow-lying, mine galleries.

On ome of the fronts of Warld War IT, the following destruoticm of cne
of the enemy's centers of resistance was effected by mrars of unisrground
mneg, The Germans wore very heavily furtifisd in the area of a olty sit-
uated on thh benks of & rather larg: river. Ihw right~bank pert of the city
vas oooupl . by.our troopa, but on the laft dark we coompied only a emall
pert of the oity's texritary, and the Jsrzan position welgsd desp irto ocur
dnafonse, cooupying the biglact seotion vhich dominatsd the surrcunding ares.

Rmerous ground attacks by car troops with alr suppart failed, einoce the
approash to this stromgly fortifisd Sot® across Cpen Spaces ¥is unicr good
observaticn o7 the ensmy aad ocovered dy his fire; all buildings wore destriyed
end wooden strvotures tmant. IS wag decided to omwtruct & system of unier-
mm.m-ummmmmam.

An 2 result of engimeering reommpaissence conaioting in ths examination

-3_
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of the walls of meny hollows and érafers of differ&rs aizes, with which wearly
the whale plecs was pitved, the ca a8 informed ‘that crumbly sansy Joam
lay to a thickiese of no less then & to 6 meters below the murfaco, that these
layers containsd a considsreble mmber of boulders of vericns sizes apd thin
layers of grevel that the water-kable level was 3.5-5 moters balow the surfnce
(dpsvoasa poverkhnoat -- daylight surfece).

The command had po informticn ee to the kind of straste 8o b8 found below
tho sands or tho dspth at which these gtrata reflaced ony tavsher; the engie
nserify reconnalcwance had pet taken into comsidoration why avallshle gealogi~
onl data, The geologicel structurs could havs been ocasily ascertained from
spactal mapa available and from the eross-sscticn of & mrospecting pit sunk
earllier ih this roglon to a dspth of 27 meters, and algo by studyiog the
exposed strata in the sleping banke of the river,

From the cross-sscticp of ths prospecting plt aud €rom the exposel strata
it wes possible bo detsct thet ths sands vere @ickly reblaced by dry, moraivie,
. clayey soil corntaining a small number of boulders, The thickpess of thege
olayey sofls varied om the average from 5 to 6 metern and ouly in places
dirdnialwd to 3.0 - 3.5 metexs, Still lower, i.e., under the olayey soils,
lay the vAter-cearying, fine-grained sands of comsidoreble thicknoss. (Their
Bottom vas not esteblished in the nsevby exposed strataje

[With limited isfcrmation at 3th dleposal] the tomumnd gave ordsys %o
tuild underground galfories in ths sands above the lovel of the wates-tabdle.
Sinos the dapth of the vater febly wos not great, ani accurate data op the
relief wvas not avallddle, it 414 rot soem possidble to set any figure for the
protective thicknsas [of the ceiling ?/and follow it consictently. It vas
deidsd to lay the galleries by follouing the weter tablo, thereby predluding
the dengsr of plarcing through to the day 1ight surfade, [Overhsad coters
(blindazh) Ware croated, which wore used for stting instrumdts, snd from
vhich the digging sterted at a depth of 2.5 to 3 motore./ .

Tn spite of oom‘imicvs reinforoiny, cave-ihs B8gan i ocour in the first
10 moters, tlio cuxber e\ magnituds of which incessod ia propartion as the
stope wag removed from the emtrance, since in approauhing ahell craters the
sands would arubls at the elightost shaking., Aside from the gréat expend~
iture of bime the ettra work of Pightirg cavesins (up te 69 « TO percent of
all warking time was Spent in reiaforoing), the cutting of the gadlsries ves
geat.; impefad by Nrequent large bonldefs vhich 264 t6 be by-passed, and in
conseguence of vhich the gelleriss samstimes diverged from the plammed direc-
tian by eevoral msters.

Among cthe? u:nmlﬁee emsountered vas thet of 8inguising the noise
of excavation wark carried on et alope rangs to enemy deledses./

In ordsr to disgnise the wark of wpllerground cuttisg erd reinforcing,
the operaticns weze often onrrded on at ninht and acoompenied by heaty
rifle, machine-gup and mr’ad fire, Mo dslays Vhich resulted from this
mde it inporsible to sapiste the wark 14 time, Whan itivo Germans took the
offenaive it bonzme neosssary to abantoh the vzesvetiud wark, vhich was r'e-
suzwd. caly in the winter.

Tt surned cut: that under the eoil ownditicna Jensribed ahove, Aigging
of "pencath-the-surface” galleriss in winter wao iicotperably more effective,
sinoe the frozen Sop duyer of sell sexwed as frotootion
anl made it wmmecedsery t0 reinfores the walls sveryvherc,
mwmmu@mumomj

Unlergrownd: Miue Joytelleticos epi Charges
Tnerground structures tui)® £ waging mine verfsrs, vhich 1s aimed
at the refunction of enrey fortificatins, the Cestrugtisn cf his persomsl,
-n.
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and rovulsing mind ettecks By means of undspgyound sxplosicas, bear the goame

Every mino structure odmpisie of:
1. BEntrances for ocompmication with ths dayligbt eurface.
2. Gallariss for edvenvomen. to the targsts of ming attacks.

3. Gloeves (rulav) -~ golleries of amaller sross-Sooticn, out either
as the oontimustich of the min galleries or in a loterel divection to prétect
shs flapks, and tt mece ventilaticm, vatsr sudply, eto.

. Chembers ~~ dxcavntions in a dsad~exd sectich of a gellery for
plaszing exploaive charges.

5. Perforsted tafbes (burovyye truby)s ccubat tubee to hald explosive
cha~gea; listening tudea bo listen to the minme opsraticns of the eoemy; epd
vany ovhers, far ventilation, weter eupply, drainsg®, ete.

6. Combed vells -- at the bovtom of which oxmlesives are plmced.

Mine thtyances ars vertieal (mioe-shafc type), intidned (mife-alope
tops) end horfeontal (wmngl type). The most oonvenient entrences sye thtes
of 7ho tumusl type, vhich ere used only on steep slopss (steepsr than 30 T
dogrede). They are dloped at 0,03-0.05 to allow fap water draimdge. Sloped
tybo ent¥ensed are usuglly constructed with & clope of 60 dogress in rooky
¢ semi-rocky stirate, of 45 degrees in clayey stitita and up to 30 dsgiees in
sandy or gravelly strata. Mine-shaft-type emtrances axfe ommstructed in hor-
zom:&l sxeas and tost often ir water-bearing and wnstahlo gtrats. In digzing
thr'wgh water-beeging layers (8loy) and quicksands, timber pilings ig the
shane of grooved boxeS are used, sub of which tho stratum is dug and the vater
i pumped, Comerdve coldars (ksol'tso) and vther rethcds of digging cre used.

Eaxbtrances are somotimes round put mere often reatapgular, vith wrces
seciions of 0.9 x 0.9 meter; 1 X 1 meter; 1.2 x 1.2 metars; 1.5 x 1.% meters
and. larger,

Mno entrances are sisusted in shelterod, vwalle-camoaflaged pinces cn
Tovarse alcpes, for exatls, =W tgainsd the dirsotion of prevailing wirds.
They are spacel at intervals mo alocor theh 20 - 23 moters, to prevent
desTusticn cr cavingrin from bursts of large-ecaliber shelle and merial bozbs.
It 1o not alvigsdle to locate autrunces In hollows or doprensiens, whexe
polion gas may stand tod labg, & in seotérs whare suffaos Vater in the rainy
sewson or the melting of snov oy subsoil ¥aters may flood them.

In lovlauis wherz eithay tho elopef-type ar ehafi-typs extrancen are
usel, & mrotective layer of veter-inpermeudls strata (porbdn) adout 2 meters
thick should be loft urioncted. In order to preve 't advecs of surface waters
into a sloped entranes, a Vatar-oollecting Well is dug in fromt or insids Lhe
entrancs. If geologion) conditicps Permit, the veter-collocting wells Ahould
€0 dovn to the walec-sbearding layers (sley). However, smstmuction of such
vator-abstebing vells is in meny ceses impossible, oines “ho waters 2rcm them
might gain acosas %0 the wine gallery, as i shown fn Figdre 32.

Mine gsllyids are oither hrizontel or floping (descending or rising).
Their dimnsions exe : 1 meter (high) x 0.T7% mete=s (wids); 1.2 x 0.9;
1.3 0.9 1.5 % 1.2; 1.2 £ 1.35; and up to 2 x 1.8 movers.

A mine cheber with r Irovicualy prepared oxplosive eiarge is called a
mino. Mines of the defender, in octitrest to the mines of the sttackwr, ave
calisd countermines. Depeniding upon tie mstare of their clfective asticm,
mines are divided into outer (nerucimyy) o underground asticn. The formr

L 0
SRR
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mwodnoc crstems 1n tho carth's curfocd with 2 cizeular orbenkment or oreeto
o balge &nd ers called bulging mines {vypirayushchiye miny). The istter,
called csmoufleta, ummwmwmm

mammmummwm1mmammuva1th dopth "p.*
The distance frém the cénter of the chmrge 4o the eutfece level os whigh tho
activity of the exploaion 18 aimed ig called tho "1no of least Teaistanco”
(158) &t 1s designated by "BY Iho radins of tie Srater i dosigmated Dy
" and 15 measured cn the sarth's surface. Tho relaticn of the ofeter’s
tedius, "r," to the Muoe of lsast resisdance, a," mian(l!nmwnted.by
" " Yith refbdente to ",” mines ere classified intor Sorml (nsl; re 1},
arplified (n} L, r)b), anf reducsd {ati, r {aj. :

Tiging wincs and the lergset typee of camoullets are used mestly as
roduoed minete

Normal snd amplified miped e used to fam craters in wine varfers, to
dsstroy ensmy fortificatioms, to demolich ensay couniermine systems, to dd
tronchee and compmrdoatdon tyonches, tob]mmothxmehvmmngle-
wants, eto. Bulging mines enfl ths laxgeet camoufless are uvod by the dofense
to blow the mine aysiem of the attacker, to destroy reiuforced -oonoreta firing
mm"@tca

AS regeis thelr Telative Doafticds, mines ere oltlar eingle (tholr
araters on svead of demclitics do not intersect each other), adjacend (their
craterd ar demolition eveas touch cr iMterscod each obher), or in tlers (with
charges placed at Yarious deptis).

of wifier 1s Gono hy a speciallrt

But the militery geclogist can
mmmmwmmmgtupmumammml
structure asd 8 hydrogeddogical conditicme of the roa, sinoe the Bize of
tho chargd and the effwot of the erplosicn are deberminsd i a great measure
by the oharacter of the swreta and thalr stratification.

Chargss of mingle minos are computed ascording to the Lormalay
0 = mud (0.4 + 0.603)

where C 25 the charge ia lclogramiz
K 18 tke occefficimms, varying vith the otyate end the explosive
mterial. _'
h is the 1iny of least recissance in metews.

n is the index &f the mins's ac't,s.on(ési)

The vaiue of K 13 takon ferth Table 10 (nes belov), Iovever, that osoffi-
olemt 48 bost selected by the miner in cocnmulistion with the military geclogiot,
sinco ib dspends tpon the cottenis and uatuye of the strute.

The waight of & bulging wind eierge 1s equal t6 0.4 "tvo fifths of >
chargh umlm);mwmdmb@anmmasuo.a
(ome ifth of the mormal charge).

¥hen confromted Ly htavogynecus strata ecnsultatica with the militery
geologiot 1s éepocially urgand. When the strata ay® mxtre o less perallel
to the oxploled (hc-izcttal) sweface (Wigate 34) the charge of the mioe is
determinsd by the sum of chexges "ol for sach layer séparstely, in
encordence with the following ]

Ca [Bo (4] =~ ) %0 « 13) + K] (0.6 + 0.6 3)
06. ’
ATV
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Vhere b, 4, by are the distencos frod tho cember of the charge to ths !
Quter maface of the ocrresponding iayers; '

mx,xl,xemthmewngmgofmmmouutaetm
strets and the sxplosives.

When & gallery 1s blastod, the greatest distence from the cemter of the
minn to the gallary ie called the Mediuns of destrucwbion. 4 distinction is
mdo betvpon the horizental xodtus ofdaﬁtm:.m&), which 8 & harisontal
{1arge) semirxis of the eliipsoid of destructio, ke vortical radtus of
destrustion (R;), whick ia the vertioal (swall) semfexis of the elitpaoid.

The shorvest distanoce from the center of the mine at which the gallery
kmuwumtmmuofm(xmim[w.
The hogizontel redivs of pafety (8,) i# the harizontal (largs) semiaxis of the
ollipebid of safety; the vertical Fadius of cafety (S,) i the vertical (emall)
serdaxis of this ellipeoid.

In computing the zedli of dsstruoticn end saZety, She following foxrmulae
& useds .

Vortical weadius of destiBotions

Ry emn 0.4 $0.685  (wmplified mine, n 2 1-3);

Ry = mh (norrel mdne, p = 1);
Ry # 0.7 mh (bulging mine, n o 0,6~0.7);
Ry = 0,57 mh (largesy camoufley, n » 0.5-0.6),

In these formulas “m" 1g the coefficlemt whioh varies vith the strata
{ftr sunds, - 1.5; for s = 1.36 50 L.43; for rocky streta, - 1.0 to 1.2).
Tho other gynmbols were e abave,

If the vertiocal radins of destruchion R, is teken a5 egual o 1, thsm the
- bardzombtal rodius of destrudtion R, = 1.4 E_, the vertical redius of gsafsty

Sy = 1uh Ry and the horigomtal rafins of ty € = 1.75 R

A miuo attack in most casee boging with the constyucticm, 1 the rear of
fire positions, of a mine trenoch, in which are found cnirances to ths gallaries
for the offensive. Entrances t2 mize galleriss can bep construdted inmediately
from the surface aply under favarsble relie? end camowfiege conditions, gomarsilly
on s5tesp reverse alopes.

The mumber of offensive golleries is dstermined by the tactiocel protilem,
theevailz_natim, Pfoclhiigal moans and goolugical tonditioms of the eyek,

Table 10. Values of Soofficlenmt X for Verious Strata amd Soils

This table gives data for camontts and THT. Expieogires of reduoccd
strangbh shold be ocupared to emumits, and of normel etrength to THT.
When risstires are proaent, tho values of K may Yo d1v3ded by 1.5 or 2.
Strata and Materials K

Amomite  TRT

Bovly filled-in, crumbly, hums soil 0.9 0.43
m, huzas soil 0,95 0.22
clayey, lmmus a1l . 1,10 0.95

801, wi’ 98 N

e 1.20 1003

sand .27 1.0
9 L1

.36 2.7
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Table 10 (Comtd).
Stwats afid Meterlals

Ammonite IHNT
Solid clay end clayey soil 1.37 1.18
M&'WM-' m - 1-50 1.29
.64 1.41
1.8 .42
3.90 .64
2.15 1.87
2.58 2,26
1,08-2,32 0.94-2.4%
' 355 3ei2

Figare 35 45 a ddagranm of ths disposition of three mine gallerles in en
atsack an & fortifled arez of the ensxy. The gallerdes must 2ot be situated
so olose together that the enety could destroy two adjacent galleries with
onc blasb, The distonts between the gallerise chonld bo no less ithest 2.2 of
tho line of lsaest resistanms. For protection ageinst snowmy attack, trauch
gallariss, callsd "sleeves,” are ccostructed from the outer gallerdles.
Sloevés mre put cut from other gellerios cnly when tho latter are widsly
geparated and ar® fev in hurber.

Tuo-shory gellerien afo sometimes cofistrmoeted. The purpose of the
upner gallery 48 to diver} thm enemy'd attéption frof the basic operaticn
mmmum,tommmwmofmmmmw, and
t0 destrdy his ocunteszind aystem, 'The misimnm vertlcal separationt mist oot
do lass than the radits of ho spheve of destruvtion frop the expiosion of
tho ohargs of the upper Stcay.

In mine asfapse the came types of ubderground pining ore veed. In
highly fortified arees, countermine dystems eye construoted teforeband, most
ofven of comorete, reinfurosd-omarste, o rytallic jacketing., When a mins
attack 1s smticipoted the ocmutermine eystem i developed and extended.

n the ersoticn of mine ctructures a great mapy demands ax® mads upon whe
geologist., Chief amung thene are the foliowirg:

L. Mine excavaticns should bo unlertaken ir strata vhich aro eesiest
to vark end Yet sufficiently stable apd impexvicaw to gas.

2. Care ohould be teken that mins oomstructiargere wt flooded by
subsdil waters.

S, AlL mfne struchures, #ith the exosptics of the do-called "bessath-
the-sutface” [type/, mist have in sheir rovfs a tifickoeSs of the protective
m%tmm vhich affards edegaste protestiqn against antioipated veapons
of y

%, Mine tructurés mist not Bo ewesved “a filled-in slopes or in slopes
.en‘mh:mm, cave-in or othey physicogeologiocel phenocmena.

5. J/Btresses the hwed of proper ocncealment apd cemouflage during ex-
cavationi.

6. Mine gnlleries mst be dug in gsologlcel strato which weuld create
the greevest d1fficulty for the mine vork of the enemy (She strata delow the
bottom of the galleries should be of 2 kind that is difficult to vark of vater-
beering ~- octbaining esscre waters, ote.)

7. Mine wark maat be protected bty approprriate undsrground recormalssance
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aiming at the dotection of tie efemy's undsrground work, &g vell as obtelning ]

 pecessery getlogleal informetion far the oconstrusiion of one's ovn mine gall-
lerion and enemy courtermines.

The sucosaes of upderground mine vork fspends in var¥ing degrees upin &
mmber of natural factars, chief omomg wiich are subsoll vaters, the com-
positicn of strata and the ommditicns of thelxr oocourrense.

: Tho soction ettitied "The ROle of Burface nnd Subscil Watera' reiterstas
the afrficulties resulsing from subsoil waters in undergréund mine ocmstruction
and lays down rules S0 sveroomw Shece Aifficuities. Fotpapces and gallerise
should not be dug in vater-bsering etreta. I hovever, this catmot ba fully
woim,mmwmmtavmwmﬁriahﬁiﬁm
ceiling of the gallery. 8imilarly a protective layer is to Do Becured whem
tks gAllery 45 above a vater<bearing stratum. e thickusgs of the protective
layor 15 to De dstermined by tie formla b « B, where B is the smoumt of

mummmmriswordmunmefmmmmﬁb
floor and the water-bearing exrasum. :r"h"aamsmgm eallery will
be floodsd.]

[Fre following section, entitled “The Properties of strata which com-
tridute to the suocess of undsrgrouni mine constrpotdan,” lists such gropeaties
as the oase of Droosasing, resisStanpe to Arilling, stabllity of the walle and

The cenditions of cocurrwmee of btrata play an izportaitt part jn undsy-
ground mine verfare. They cfton dstermine the taotlos of vaging un
ming werfare and the eelsotitn of levels (gorizont) for mine gallarles which
insure the guiockest pessags and pexrtit advanteges over the ememy both in mime
attacks and 1 beating off epemy coupterattacks,

If the styata sre horigontal 888 coordinated and their thickness s ntwe
o lese amistaifed, nd difficultise are met in the selection of mine lesvels or
in the working att of plahs for mive attack.

These quomtioms ere warked cat most simply 4p regicds vhere th® horiacn-
tally stratifled c®iginal layers are oovered by & thir npreed of quatermry
doposits, Undes such ooniitions the gecioudst cen estadlich a geclogical
cross ssction comperatively sesily, and the selectiocu of ogRp ar several layers
(plast) for* the excavadicn of mife galleriss can be wede rapidly and uterringly.

Coeplicstions trise in mine ccostruction when the bardors of the layers
{pleat) ave uneven, ospeolally if tls Yormation of the original efrata is
deoply groofed by & aficient wesh vut, lovalled off, and unnoticed in Lhe
contexmporary relief, in the layers (tolshoha) of glacial deposits witsh fre-
queot changee in the thickmess of the layers (plast), in a zcme of alipping
strata (poroda), etc. T all these oases, a careful and detailed investigos-
tiom of the geclogionl .ucture of the arem is réquired.

Even more coaplicated is the question of selecting mise levels and for-
mlating plans for canluocting mine wsrfare in thoss areas where the strats are
crumpled with folds, %waken up vith fanlts, notohed with veins, eto. in such
conditions, as & result of the ahift of strata of vatying processadility and
varisble comductivity cf wvater it 1s necessary oftest 40 abundon the waging of
unlsrgroond sirs warfare. -

sloping drop of layers (plest) on the side of the attackw: vith a rise
the direction of the coemy's position is Tovoreble for ke exuivetion of

mine gaileries, since tiis fhciliktates haulage of the excayated miterial as
oll as &rainags of the installation in case of vater seepege.
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there 18 a sharp drop of lsyers, espogielly on the enmny's side, the success
and expadlency of vagsing Mmm nins wardare ave fGoubiiul.

Vhen there is e ltroksn cocurrence of strete it ie d1fficult to forsee the
poasible sxesuren of the enenmy. The stratifiostion of layers also sxurts &
great o the cooditions of sonnd damouflage, on overheering the
enamy ‘s excavation vork, on the sige of the explosive ghargs, eto.

Stability of Btyata tho and Wi of Under, tiona

Ths cutting of streta im undorground excayations couses a redlstridtution
of stresses in ths oelling, whick veeults In the caving~in of the roof. exfolia-
tiem, Jandslips end wmmg of the cruspled strata, and shriniihg and distors
tion of the canastructioms

It arder to protéct the andergronnd structurss from defrrrmticn and to
favilitate further work, reinforcements which abacrd the streds are ussd.
Thie otress of streta is called "mountaln stxeas,”

The amoant and ddrecticn of the momntain stress dspends upon the con-
pomition of the streta, tholr etratification, the degree of their docomposition,
water saturation, the depths of location of the canstreations, ete,

Cortein strats, cuch aa stretified merd, after they are uncovered in the
omution, quickly chznge theoir firmness. Btrata of this type are said to
tave "subsequent fragility." JFragments of euch styata become dstached from
the ooilirg and walls of una gelleries and charbers,

s "subsequent fragility” of gtrata usually incressos with greater
fracturadility and veathsring of the strata, as well as vith the increasel
disemeions of undsrground works,

Strats ps Protectiye Layera

Undorgronnd excavaticas mist be protected from above by leyers of
strata o withstani destruction dy shells and aerial bobs. 1Ti® thickfess
of the protective layer is lstermined on the ope® hand by the calfbre of the
sholls orf aorial bomdo and the character or dimspsions of the comstructiom,
tul op tho otker hami, by the composition of ths strata exd their vulneradility
to sbells and seriak bombs. Teblss 7 and 8 /not reproduced/ give ile values of
protéctive layer thicknesses in relation to straia and the Saliber of shells
oxr baabs,.

In the opinion of cortain mildtery engineers, ficld undergrornd wcrk can
80 an irrespective of the arch of stress; cnly the wr® of she irner dracirg
has to bde takem intc aotount, in vhich omse the thickwess of whe protective

leyes diminihen.

As far as protection from dullets and fragmemts s concermel, it is
quite sufficient tc loxve 2 layer of sixatum 0.) msters thiok over thé oelling.
ghellcw ocostruction of the "densath-the-sarface® type aze béing ever mwe
widely used st Lao present time, since agide from affcriing some otection
from hits, they allv eowention cf mussrons warks (underground mifing, under-
grcund oommmnicatiom trenches, otc.) conosaled from the enexy.

m.mummwsaommmcwnmm
winter when tde frosun groand has far greater redistance to pemetvetion by
tm-w&mmummtmw-wmmuw
out
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8ize of E of B ion on Propertles of Bctreta end Conditiouns
of atification e ' '

In npnderground mine operations the objJective ie to destruy, dDy meens of
- xplosiems, only a definite Dart of derritoxy apd, vith camxmflets, only a
dofinite gome of strata. Thereofare, the gnestion always ariees as to how
moch axplosive material it takes to attain the required remakt. If the charge
is too small, the explosion doee not reenh its geal, awd comversely, 1f the
chayrge 1s too groat the resultlng oxplosion 18 so strong that the secture
and struotures which ought to bave Dean saved are alec destroyed. Ths expo-
yiftnge of underground mine werfeare ins taught that such dispropartionately
great explosiona not only destroy the plans of mime wexrfare but alsc csuse
harm to ons'e own troops el forvificetions. A good exsmple of this was tmo
inordinately large wine chargee sxploded by the Austriens in the Saint~
Simon area on Sepbenber 23, 1915, vhich inflicted gremt damage to the Austrian
poaitions.

The gize of the charge depands, om the coshand, upon the type of
explesive used aod the depth et whiloh the chargeis plaoced and, cn ths other
hand, upon the coasposition, thie Properties, and the ccmditioms of the oocour-
rense of gtmata gbove tite placo of the explobions

Tt i8 known that messive rocks {ckel‘naya yorods) viwm blasted deheve differ-
ertly from achistose strata, and that the offect of anh ezplosion tpon thiok
iayers differs from that on thin ones. Explosive waves are best propaghited
longitudinally tlnrough rocky layefs,and vorst perpeddiculurly to the diree-
tion of stratificatiom, partioularly if the dsnse layers are ulternmmbed with
voauhored clagey dencaits and other interstratifications. ‘the effectivemcss
of an explosive charge will not be the sams in lsyers .yivg horizcptally with
a 8light tilt to the horizon as in steeply sloping layers.

Of great impaortamoe 1s the dsgree of destructicn ard the fiseurstion of
a strstum. Cases have been cbserved when, ix blasting snomy mine galleries
situated in rooky strata vhick vere fairly similar in compositicn but dia-
sitilae in dsgree of fissuration, the varioug bhlooks of amssive rock 314 not
8o mAch crumble avay es dilslodge end replece each other; with the result that
the galleries only narrowed down amd got out of aligoment. In fissured eend-
atones, having thin claysy seams, heavy explesions vers observed to ssuse
moried twiste (np to 7.5 meters) of the howizostals at the flseures elong
theso claysy seems, The mine galleries vere not destroyed despite the fact
that the walls vere not braced.

. Ia ocloulating the size of a chargs under diverse gsclogicel oonditians
ah acdounting is taken of the oompositiqn of ths streta, their solldity,
occourrence, degree of weathering, Jf fissuraticm, of water saturetlon, eto.
Wishout thie infortmticn the sappet who 1s nmot euf¥loiently aoquainted with
the geologloal conditicns 1s apt to make sericus blundera. The advice of &
mlitery geologist can renisr him great end valuabie aid,

[The dection entitled "Importanve of Sound Conduotivity of Strsta” is
devotéd to generel chsarvaticns of the extent to whfoh scund conduction
" dopends cn the lype of sound most frequently cocurring in todsrground worke
and t}a chmracteristios of etrata through which scunis ero trsasmittsd.
These cbeurvations are summarized in Table 11 wiiich 1o smupplesentad by
ancther tedle from an Jtelian souroe]
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Table 31. Distansces n-mvmnmmmmm in Streta®
Distenve in Maters
¥ature of the ) Without With Belamr-
Sound Instrument atethdecope
¥Werk with piokeze Chalk 45 §0
Qay %9
Sandy clay 30
Werk vith shevel Chalk a8 37
Clay ‘ 3k
Sandy clay g
¥Walking on Wooden floor Chalk 24
Kley 18
Sondy olay 7.6
Palling 603l Chalk 18
Qay ' 15
Gandy clay ' 6.1
Dragging sacks 0f earth Chalk 1Y
Clay 10.5
Sandy olay 5.5
Convarestions Ak .28
' Clay 9
Sandy olay 1 4.6
#Date teken frcm £leld namnal for engineerdng troops, Undarground

%mw (Poiseencniomyge reboty 1 mimnaya
dor 2.

Pablo 12. #arximum Distances (in Moters) from vwhich Varicus
Sounds can be Bsard in Verious Strata#

Rook - Soil
Eord 80f% Jard Soft

1. Without Instrumsitsg

60-80 40-50  30-30
20-25 1520 W-20
12-25  1k-16 10-18
10-15 &-1e 8-10
1025 5-13 b~ 3
»10 35 et

2. ¥ith A1d of Beimsmtethoscepe anh Gyohhne

90-100
30-A0

Sanitized Copy Approved for Release 2011/06/09 : CIA-RDP80-00809A000600130057-5



. Sanitized Copy Approved for Release 2011/06/09 : CIA-RDP80-00809A000600130057-5

é . ik '
%

| g

Table 12 (Coutd)

1
i

Bature of the Scund

Breaking vith shovels
Waiking on weoden floor
Falling wawte or landalipe
Dregaoing of mmteriols
Conversations

#Data taken from the Tsalian Mawme

[Fhe vectict on "Ges Permeebility of Strata® stressss the lmportance of
studying the capacity of vericus gtrate for retaining apd edwaing polsonons
gusen, Tho greutstr ths fisgures, the easler gasis cen find thoiy way mto
thh gnlleries and undeyground shambders. The mdiibery goologlsh mst mupply
the Pequisite Informbtions/

Jincther section desls with tim vole of the colar of strata in owacu-
fleging underground vorks. The eboetwatione are of & goversl chapecter,
Btrate mey changs their coler with the progress of excevation in deptk;
w.@twmmmumemm@xmmmum
vhen they 4ry out, ste, By knoving the color of tho strata it 1s possidle
to establish the leveln at which the ensmy is digging his own underground
gallerzes.]

0o (] of Wez!

Military-geclogical servicing of volsrgromd mine works is of parae-
fmount importence. The diversity of goological prchlems arieing irn coamwcticn
with undefground excavaticos, has a dsfinite sffect an ths wark of the military
gealogisis, Tt beotmes especielly complicated in nndewgrourd excavations
undercalen in the immetiate proximity of the emomy, when offensive mine
galleries must be laid under enmemy-held territary.

The military geologist and mine expert aro compslled at times to de
satiefl6d with only meager odsarvations, ot Rlveys confutted at points
most helpful for the alerifiomtian of the ghclogital oituation. Somotimes
they are nsocessarily vestricted to geolagical materiels or hep 1n e form of
nil{tary-geolagical maps, handdooks, eto.

Eowever, despise the fact that the wmilitary eituskion in mout cased
hinders exsoution of field geclogical cdservatios, . it 1o asverthelicss
nsoeseary for sucoesaful esxscuticn of unldetground mine operations to got
acoureto deta,

As a rale, 1 18 not possible to decurd adsquate geclogloal data on
Sho forverd edge Defare thy begiming of undstgrouni aine worke, Therefore,
geologioal cbservation mat be crrisd on Shodghouc the ogarse of vork.
The data gathered as a result 6f theso dbeervetions pwwmib ocxrrection of the

work, such &¢ rwslng, preventiom
aster, cPganization of \isteuing poste, osloulation of She site of explosive
charges, r-inctin of tho gas owmminotivity of the styets, otac.

Details of the geclogical situation can only be cbtaimd after wn-
ocowring the etrata,

nwmmmmmmmm
w13 ~
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attontion is given to militery geslogloal reconnaisoarnc.

The manual on underground mize works for sngineers states "The composi-
tion and character of the oSourrsnce of solls, the height of the water table
fi:rs‘ overy undsrground constamotion mpt be determined by geologloal-englnser-~

resonnaAliseance,

“he aim of geological-enginesring recommaisseance iz to establish the
oconditions far the construction of undergrouni installations and the waging
of mino werfare in a placs selected by tactichl'decioiom. It le carried oat
by:

"(1) 8tudy of geological maps, handbooks, emd local materdels; {(2) re-
ocormaissance with prescribsd ibtinerery in vhick geclogiosl inforumtion is
tin:ﬁﬂ through obecrvation of the relief, tho run-off of surfece waters,
?a sources apd outeroppings; (3) &rilling with the sim of mapping the
gealogical profila of the aree along the exis of the proposed construction.”

These rules of the manual reguire further supplewentation, as follows:

1, It 1a not praotically possible in every case to undprteke tipe-
coneuming prospscting, roquiring epscialized equipment,

2, Noel often the geological situstion mist be epprajsed om the basim
of previcusly gathered material, in the form of maps, handdooks, otc.
Specialired military-geclogical maps play as important a role in undsrground
wine vorks es topographical maps play 1n the plamning of operatichs for tamk
vaxfare,

3. Docisioms on the tactical comduct of mine warfare should precede
ths otudy of naps, oross sections and othsr available material dsaling with
geology,

As 4 rule, godlogical maps, cross sections end variocus vther tabulated
information are evailabls for almosti every territory in which underground
operations can bo conduoted. In most cases, however, the data 1s scattered

an’. requires preliminary processing.

Often cne is foroced to use amall-scale geological mape when more de-
talled geological maps are not availabis.

Lexge scale geologital maps {scale 1:10,000 and 1:25,000), as 18 known,
are to bs found for mmercus areas of Western Europe. Fur Eastern Europe
maps of thtis type are restricted to densely populeted and Hghly industrialized
areas. Speciaiiced large-socele maps for undorground mine vorks are drawn
beforchand for regions deternmined by the command or after the coomenoement of
mlitary operstions.

Mps mist slvaye ™ acocmpanied by profiles ‘cross gections) in variocus
directions and mrimaxrily iz the divectiom of the intemdsd oourse of the

ealleries.

Often recrurse is @sd to the oone:ructiom of mare dencriptive dlock
Uegrans anl Axonmstric aross settioms. Iikew?se, spooinlited, military-
cal aross-section Jolumms are of valle in underground nine vorks

Figare 39).
m,-@.ﬂmmmmmmmmmm
TOOUmEAlCEaRcs a9 required. In mmipls of undergronid mine works prosarided
itinsvary end arillive reccaoaissance are maationesd.
- 3N -
b
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A recormdisganos party 1o hesled by the commnder of v combat-snginesr
battalicn, o by the exparienced ooomender of & ctubat-engineexr ocoumpaxy
lens often by the comender of 2 otwbat-emgineer platoan. uwmof
tho aven 1o slwpls, 1f the oonditions are faverabie to chservatiom, end if the
cormander in charge of the reocornpissance groop hus sufridient expericnce in
geological ghemrvasicm, the jufarmition gathered muy trove to he alegquate for
the solutiom of ell practicel prodless, Eowever, IT the geology of the ayea
18 cafplfosted, 1f combat omiitiont Rinder ocurrylng ot the nocessary chbedr
vatichs, AT the commander of the engineering umit doess not have adequats

. expérisnce which yonld sllow him to make

commatgstnos will not anly f211 to bo teeful but way rrove hswmfhl,
8 cass recdrss 1s had to the aid of militery geologists, vho Xmow ths peonl-
iarities of field undergroand operstions.

v military goologist’s add to She command wariss greatly in chexwmcter,
In some ceses this aid may be limited anly to supplying geclogiosl informm-
tich which is used us the banis of cperetiomal sni tactical plans of Mine
vorks. In othot ceses the military geologist undortakes militsry-geologioed
recamalggance and the nocessary observations while onderground work is going
on. These goologioal and hydrogeglogionl ohservations connmected with under-
ground uxcavyticns have great practical walas,

The military gsologist oun render grea® aid to ths command by dstermining
the poeition of the enemy. Infarmation comoerming what loveis ths epemy is
working or is able to vork in and Yhat difficultiss he may encodnter mnst be
commmicatsd by the militery geologist to the comanfSior imwdiately. Aerial-
photogrephic materials, captured Gotumsnts, and the interrogation of prinqpers
shonl assist him in securing tag nocessary informatios.

BIBLIOGRAPRY

Damoveidy, G. and Fedarovich, Ae, Mﬁﬂ,zm%%%m&_m
(Undergrmm Mine Cohstruction avd Warks), Voysai 3

—E0
Mine Ba:rfm), Voyeniziat, ..9&0

Savich, P. L.; shor, D. I. and Vakimrkin, K. A.,
mmﬂu-fm
. mt VIA EA

Sanitized Copy Approved for Release 2011/06/09 : CIA-RDP80-00809A000600130057-5



